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[21 Ferric Reducing/Antioxidant Power Assay: Direct 
Measure of Total Antioxidant Activity of Biological Fluids 
and Modified Version for Simultaneous Measurement of 
Total Antioxidant Power and Ascorbic Acid Concentration 

By Iris F. F. Bcn^ie and J. J. Strain 


Introduction 

The ferric reducing/antioxidant power (FRAP) assay 1,3 is a recently 
developed, direct test of “total antioxidant power.” Other tests of total 
antioxidant power used to date are indirect methods 3 - 11 that measure the 
ability of antioxidants in the sample to inhibit the oxidative effects of 
reactive speriespurposefully generated in the reaction mixture. Lu inhibition 
assays, antioxidant action induces a lag phase; exhaustion of antioxidant 
power is denoted by a change in signal, such as rate of oxygen utilization, 
fluorescence, or chemiluminescence. Measurement of these signals requires 
specialized equipment, and sucb Lests can be lime-consuming, technically 
demanding, and may lack sensitivity. 9 

In contrast Lo other tests of total antioxidant power, the FRAP assay 
is simple, speedy, inexpensive, and robust. The FRAP assay uses antioxi¬ 
dants as reductanli in a redox-linked colorimetric method, employing an 


1 1. F. K Benzie and J- J. Strain, U..S- Faleni Fending (1997). 

1 1. F. F. Benzie and !. J. Strain, Anal. Binchem. 239, 70 (1996). 

1 D. D. M. Wayner, G- W. Burton. K. U. Ingold, L. R. C. Barclay, and S. J, Locke, Biachlm. 
Bivphys- Acta 914, 408 (1987). 

a T. F. Whilchead, G- H C Thorpe, and S. R. J. Maiwall Anal Chim Acta TtJ>, 265 (1992). 
,T N. J. Miller and C, A. Bico-EvaflS. Brdnx Rep. 2, iGj (7996). 

6 G. Cat,. H. M- frlcssio. and F- G. Caller. Free 1latlic. Biot Med. 14, 303 (1993). 

7 Ta. Lissi, M. Saliru-Hnnna, C. Pascual, and M. D, Pet Castillo, Free Radio. BioL Med. 18, 
153 (1995), 

“A. GIli:-tdli, M. Sdlflfilli, G. Maiaoi, E. Azzioi, and A- Ferm-Luzzj, Free Rudic. Bid. hied, 
18, 29 (1995). 

J D. Sclioficid and J. M. Enigauzn, Clin. Chtm. 42, 1712 (1996). 
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easily reduced oxidant present id stoichiometric excess, Unlike rJie many 
indirect radical scavenging tests designed to measure total antioxidant 
power, the FRAP assay does Lionise a lag phase type of measurement, in 
th£ FR AP assay, sample pretreatment is not required, stoichiometric factors 
are constant, linearity is maintained over a '«ide range, reproducibility is 
excellent, and sensitivity is high. 2 The FRAP assay does not need highly 
specialized equipment or skills, or critical control of Liming and reaction 
conditions. The FRAP assay can be performed using automated. semiauto- 
maied. and manual versions, and, in a modified version known as Die ferric 
redacing/anuoxidant power and ascorbic acid concentration (FRASC 111 ) 
assay, supplies three indices of antioxidant status—the toial reducing (anti¬ 
oxidant) power, the absolute concentration of ascorbic acid, and the relative 
contribution of ascorbic acid to the total antioxidant power of the sample— 
virtually simultaneously. 


Concept of FRAP Assay 

A biological antioxidant has been defined as "any substance that, when 
prescat at low concentrations compared la Chose of an oxidis&ble substrate, 
significantly delays or prevents oxidation of that substrate.” !J However, 
unless an antioxidant prevents the generation of an oxidizing species, for 
example, by metal chelation or enzyrne-caLalyzcd removal of a potential 
oxidant, a redox reaction still generally occurs, even in the presence of an 
antioxidant- The difference is that the oxidizing species reacts with the 
antioxidant instead of the “substrate,” i,e., the antioxidant reduces lhe 
oxidant In. simple terms then, electron-donating antioxidants cap be de¬ 
scribed as reductants, and inactivation of oxidants by red actants can be 
described as redox reactions in which one reactive species is reduced while 
another is oxidized. In this context, therefore, “total antioxidanL power" 
may be referred to analogously as total reducing power. 


Principle of FRAP Assay 

At low pH, reduction of a ferric tripyridyltriazine (Fe n, -TPTZ) complex 
to the ferrous form, which has an intense blue color, can be monitored by 
measuring the change la absorption at 593 rm. The reaction is nonspecific, 
in Lhat any half-reaction that has a lower 1 redox potential, under reaction 
conditions, than that of the ferric/fettous half-reaciion will drive ihe ferric 
(Fe nr ) to fenous (Fe 11 ) reaction. The change in absorbance, therefore, is 

w I, t. F- fienzfc Had i. J, SLtain Rectai Rep. 3, 233 (iy£7). 

3 1 0. Hsl li'P&Jl ant? -L M. O. Gutteridge, free Fadle. Rial, fried. IS, 125 (19V5). 
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directly related to the combined or "total" reducing power of the electron- 
donating antioxidants present in the reaction mixture. 

Materials and Methods 
Reagent Preparation 

Mix 300 mM acetate buffer. pH 3.6 [3.1 g sodium acetate trihydrate 
(Riedel-de Haen. Germany), plus 16 ml glacial acetic acid (BDH Labora- 
lorv Supplies, England) made up to 1 liter with distilled water]: 1° mAf 
TPTZ (2,4,6-iripyridyl-j-triaziiie, Flak a Chemicals. Switzerland) in 40 mM 
HCI (BDH): and 20 m M FeClj 6H 2 0 (BDH) in the ratio of 10:1:1 to 
give the working FRaP reagent. Prepare working reagent fresh as re¬ 
quired. 

The following antioxidants are used to evaluate the FRAP assay. Solid 
l-( l-)-ascorbic acid extra pure crystals (Merck. Germany); uric acid, solid 
(BDH); albumin, solid (bovine serum albumin, fraction V, Sigma Chemical 
Co-, St. Louis, MO); bilirubin calibrator solution (Sigma); and Trolnx, the 
water-soluble analog of tz-rocopherol (Aldrich Chemical Co., Milwaukee, 
WI), are used in aqueous solutions of known concentrations. DL-cr-Tocoph- 
erol (Merck) is diluted in ethanol (Merck) to give required concentrations. 

Standards and Controls 

Aqueous solutions of known Fe(IT) concentration (FeS0 4 ■ 7H 2 0; 
RiedcL-dc Haen) and/or freshly prepared aqueous solutions of a pure anti¬ 
oxidant, such as ascorbic acid (extra pure crystals, Sigma), are used for 
calibration of the FRAP assay. Reaction of Fe(II) represents a one electron 
exchange reaction and js taken as unity, i.e., the blank corrected signal 
given by 100 yxAf solution of Fe(II) is equivalent to a FRAP value of 100 
P-M, Typical Fe(II) standard concentrations used in out laboratories are 
in the range of 100-1000 pM. Ascorbic add has a constant stoichiometric 
factor of 2.0 in the FRAP assay, i.e., direct reaction, of Fe(n) gives a change 
in absorbance half that of an equivalent molar concentration of ascorbic add 
(see later). An ascorbic acid standard of 1000/rJW, therefore, is equivalent to 
2000 pM of antioxidant power as FRaP. 

Pooled, aged plasma Stored at -7(T and thawed overnight at 4°, or 
frozen, aliquoted commercially available QC serum can be used to monitor 
precision. Tn addition, freshly prepared solutions of pure antioxidants, such 
as uric acid, Trolox, and ascorbic acid, in known concentration in aged 
plasma, commercially available QC serum, or in aqueous solution can be 
used to monitor accuracy and precision. For case ol use and reliability, 
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aqueous ascorbic acid solutions at 100, 250, 500, and 1000 pM (equivalent 
to 200, 500, 1000, and 2000 pM FRAP) prepared fresh daily and aged QC 
serum freshly spiked with ascorbic acid are recommended as qunli Ly control 
samples. These should be run in parallel with lest samples tc.> actively 
monitor the performance of the test and to ensure comparability with 
previous results. 

.Samples 

The FRAP assay can be performed on a wide range of complex biologi¬ 
cal fluids, including plasma, serum, saliva, rears, urine, cerebrospinal lluid. 
exudates, transudates, and aqueous and cthanolie extracts of drugs, foods, 
and plants, as well as on simple and heterogeneous solutions of pure antioxi¬ 
dants. If, using the reaction conditions described, the FRAP value of a 
sample is >3000 pM. u is recommended that the sample be diluted in water 
or ethanol, as appropriate, and the test repealed, with the additional dilution 
factor allowed for during the final calculation of the FRAP value. 


Procedure for Automated FRAP Assay 

The FRAP assay can be performed using any type pi' automated analyzer 
that permits blank corrected readings at 593 nm to be taken at predeter¬ 
mined intervals after Sample-reagent mixing. In our laboratories the Cobas 
Fata centrifugal analyzer is used, and the user-defined test program is 
presented in Table 1. The 0- to 4-min reaction time window is used for 
data capture for plasma total antioxidant power. Absorbance change is 
translated into a FRAP value (in gJlf) by relating the om of test sample 

to that or a standard solution of known FRAP value [e.g., 1000 pM Fc(II)] 
shown ip Eq. (1): 


0-Jo 4-min h A.TO nm test Sa m ple y pRAp ^ Qf (>M) (l) 

0- to 4-min AAsb nnj standard 


This additional step can be added easily to the analyzer test program if 
desired in order to give a direct printout of FRAP values in pM- 


Procedure for Manual FRAP Assay 

To perform the FRAP assay manually, the same working reagent, stan¬ 
dards, controls, and test samples are used; reagent and sample volumes are 
simply increased pro rata to give a volume large enough for manual 
handling/transtcr of reaction mixtures. For example, 3,0 ml of working 
FRAP reagent is mixed with 100 p\ test sample or standard in a test tube; 
this is vortex mixed, aDd the absorbance at 593 nm is read against a reagent 
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TABLE I 

Cobas Fara Test Program tok Aumuirn FRAP Assay" 

Measuxemcnl muclc 
Kractiun mode 
Rcagcm blank 
Wa«eleai»Lh 
Temperature 
R1 
Ml 

Sample volume: 

Diluent name 
Volume 
Readings 
First 
Number 
Interval 

Reacrion direction 
Number of steps 
Cfllcular j on 
First 
List 


11 Reproduced with permission from I. F. F. Bcnric and J, .1, 

Strain, Redos Rep. 3, 233 (1W7). 

blank at a predetermined time after sample-reagent mixing. If the test is 
performed at 37 c , the 0- to 4-min reaction time window is used for plasma; 
if performed at room temperature, a 0- Lo fi-min reaction time window is 
preferable as the reaction of uric acid is slightly slower at lower tempera¬ 
tures. The calculation of results is the same as for the automated mclhud. 


Abs 

RI-I-S-a 

rcngfdil 
593 nm 
37" 

300 pi 
1.1J see 
10 pi 
H,C 
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0 5 sec 
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15 ?cc 
Jaerease 
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Ml 

17 [i.c., 4 min) for FRaP 
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Results 

Results axe presented for pure solutions of ascorbic acid, tY-Locopherol. 
and uric acid; for more complex aqueous mixtures of pure antioxidants; 
and for fresh, fasting plasma from apparently healthy adults- Preliminary 
data on FRaP values of selected beverages are also given. 

FRAP Reaction Characteristics of Pure Antioxidants 

Figure 1 shows the post sample-reagent mixing change in absorbance 
at 593 nm for equimolar solutions of different antioxidants compared to the 
monitored absorbance of working FRAP reagent only using the automated 
FRAP assay. Ascorbic add and a-tocopherol react very quickly, with a 
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MINUTES AFTER REAGENT/SAMPUE MIXING 


Fie-,. 1, FRAP reaction kinetics with individual nitiiakidtinis; rate of increase in absorbance 
at 393 nm for 11)0 h-M solutions of bvliruhin (a), ascorbic add IB), uric acid (A), a-rocuplicrol 
(OJ, efbaium {-#-), and reagent atone (•). Reproduced with permission from I, F. F. Benzie 
and J. J. Strain, AtUtK Bhchem. 239, 70 (1996). 


plateau reached within a few seconds. The reaction of uric acid Teaches an 
end point after 3 min, but the reaction with bilirubin and with albumin 
does not appear to have reached an end point at 6 min. The reaction of 
bilirubin is fast in the first few seconds, however, and the continued slow 
increase in absorbance at 593 nm is due to the albumin content of the 
bilirubin preparation used. 2 

Figure 2 shows the dose—response characteristics of individual antioxi- 
daDls in the FRAP assay. Whereas different antio*idant ‘‘efficiencies” can 
be seen, the dose—response line of each individual antioxidant, tested is 
linear, showing that antioxidant efficiency is not concentration dependent. 
The relative' activity is 2.0, i.e., direct reaction of Fe(H) gave a change in 
absorbance half that of an equivalent molar concentration. for Trolox, 
a-tocopherol, ascorbic acid, and uric acid. After correcting for albumin 
content, the stoichiometric factor o f bilirubin in the FRAP assay is estimated 
to be 4.0. The activity of albumin in the FRAP assay is very low. 2 This is 
an advantage of FRAP, as ihe contribution of and changes in nonprotein 
antioxidants can be measured without the muffling and possibly misleading 
effect of the dominating contribution of protein seen in other methods of 
total antioxidant power. 3-6 

When the FRAP assay is performed with plasma and with aqueous 
solutions of antioxidants but with no Fe(JfI) added to the working reagent, 
no color develops. This indicates that there is no detectable free Fe(II) in 
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plasma and that there is no detectable agent in normal plasma that reacts 
directly with TPTZ to form the blue ferrous-TPTZ chromogen. Monitoring 
the FRAP working reagent with no sample addition shows that no color 
develops (Fig. 1), indicating negligible spontaneous Fe(III) reduction in 
the absence of added reduciants (antioxidants). 

There is no apparent interaction between antioxidants in the FRAP 
assay. When known amounts of individual antioxidants were mixed and 
the FRAP value measured, there was good recovery of antioxidant power 
(91-112%), and good agreement was seen between, anticipated and mea¬ 
sured FRAP values (r = 0.990; P < 0.001) when known amounts of individ¬ 
ual antioxidants were added to plasma and to water (Fig. 3). In addition, 
the FRAP dose-response relationship was the same, i.e., parallel lines were 
obtained, when uric acid solutions of different concentrations were tested 
with and without the presence of 100 fj.M ascorbic acid and when different 
concentrations of ascorbic acid were tested with and without 200 /j.M uric 
acid (Fig. 4). 


!■ 


Precision and Sensitivity of PKAP Aisay 

Precision is excellent: within-run coefficients of variation (CVs) are 
<1.0% at FRAP values of 100. 200, and 900 p,M and the between-run CV 
is <3*0% at 960 \lM. The limit of detection of tire FRAP assay is <2 
reducing/antioxidant power. 
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CONCENTRATION pM 

Fig, 2- Linearity of FRAP: dosc-rcsponsc linfcS for sofuticMis of bilirubin preparation (=)- 
jr|c acid (A) s ascorbic acid (■). a-iocopherol and Tiolox (O). Fe(Il) (□). and albumin 
Reproduced with permission I’rcim I. P. P. Utnzic and J. J. Strain. Anal. £wc/u/rt. 239.70 (1996), 


PM3006722869 


Source: https://www.industrydocuments.ucsf.edu/docs/lpbj0001 


'AX 310 208 5971 


INFO 6 


@009 


f 


22 



12] 


121 


0 2SO 500 750 100ft 1250 15QO 

ANTICIPATED FRAP VALUE 

Fic. 3. Relationship between anticipated (calculated) FR.AF values and mcasmed FRaP 
valves when U.nosVn amounts of pure antioxidants were added to plasma (•) and water (O)i 
r = 0:9tf. P 0-001. Reproduced wjtli permission Crotn 1. F. F, Benzie and J. J. Strain, Anal. 
Binchctii. 239, 70 (iy9<S). 

FRA P Values Obtained on Biological Fluids 

The mean (SD) FRAP value of fresh, fasting plasma from 68 apparently 
healthy, consenting adults was 1035 (226) fxM (range 638—1634 /j-Af). There 
was a significant correlation between FRAP values and plasma uric acid 
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Fic. 4. Study of interaction between unc acid and ascorbic add in the FRAP assay: the 
FRAl* dosfi—response relationship of uscojbic acid in waLet (I) and in an 200 p.M 

uric add ^olulioa (P). 
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FABLE 11 

RELATIVE ANTIOXIfjaMI ACTIVITY OP iNPTvmuAC ApmOxlUAPiVS A HO TllCIR EsTIwaITsC 
Cq.vtiubijtiom i-o FRaP Value of Fresh Fastino PlasmV 

Plasma 

antioxidant 

Relative activity 
“antioxidant efficiency” 
(measured range) 

Expected fasting plasma 
concentration (pM) 

Estimated 

cumnbuiion (o 
total FRAP (%) 

Ascorbic acid 

23) (1.9-2.1) 

30-100 

15 

o-Tocophero! 

2,0 (3,7-2,1) 

15-40 

5 

Uric acid 

2.0 (2.0-2.4) 

150-450 

60 

Bilituhin 

4.0 (4.2-4 6) 

<20 

.1 

Protein 

0.1Q (0.1-0.15) 

B0C-J ,10(1 

IQ 

Others 

““ 

— 

5 


*' Modified and reproduced will] permission from I. F. F. Benzie mid J. J Sruun, Anal. 
Biochem. 239, 70 (1996). 


concentrations (r = 0.913, P < 0.001; n - 68), with uric add contributing 
around 60% of the total antioxidant power of plasma. However, as stoichio¬ 
metric factors are constant in the FRAP assay, it is a simple matter to 
subtract the contribution of uric acid to “total” antioxidant power; the 
measured concentration (in fiM) of uric acid multiplied by its stoichiometric 
factor gives the p-M antioxidant power of the sample duo to uric acid. 
Subtracting this from the FRAP value of rhe sample gives the nomitic acid 
FRAP value, 1U1Z which may offer a more sensitive index of antioxidant 
status in uric acid-rich, fluids such as plasma. The relative contribution to 
total reducing/antioxidant power of other major antioxidants in plasma has 
also been calculated (Table II). Tabic III shows the representative range 
of FRAP values found in teas, wines, and orange juices, plant-based dietary 
agents that are rich in polyphenolic antioxidant compounds- 

FRASC-FRAP and Ascorbic Acid Measurements 
in One Combined Assay 

The measurement of ascorbic acid can be problematical due to its 
instability in plasma, and the specific measurement of ascorbic acid has 
generally required pretreatment of plasma to stabilize its ascorbic acid 
content, followed by high-performance liquid chromatography (HPLC) 
analysis. 1314 The FRASC assay is a modification of the FRAP assay that 

12 L F. F, Benzie HT)d J. J. Strain. Redox Rep- 2, 231 (1996). 

C J. Bates, A. Bailey, H, van dcr Berg, F. von Sehails. C. Coudray, a. Faviet, R. F@ttc, 
A. rngol.i II. Hcecfccr, G. Maiani. A. Fei I u Ln/S. K. KelxziJc, aael D- 1. Thumham. Inti . 
J. Vic Nutr■. Rex. 64, 283 (1994). 

11 L. A Partita, D. L- Reynolds, and P, T. Kissinger, J. Assoc. Anal. Cherrl- 6*, 1 (1985). 
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TABLE III 

ANnoxui/vt^T Powkr of Teas anp Wines" 


Sample 

Amount 

Antioxidant power 
(FRAP value) (fU-mol) 

Fermented (black) te*5, infusion 

200 ml 

500-900 

SemircrmcTiLed teas, 1% infusion 

2IK1 ml 

1000-1400 

Nonfennentcd (green) lewis. 1% infusion 

200 ml 

1600-2200 

Red wines 

150 ml 

2900-3700 

While wines 

150 nil 

380-520 

Fresh orange juices (prepacked} 

200 ml 

500-600 

Pure ascorbic acid (vitamin C) 

1 g 

11,364 
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permits tht virtually simultaneous, specific measurement of ascorbic acid 
concentration and total reducing/antioxidant power (as FRAP) in one 
simple, rapid, automated test. 1 - 10 In FRASC, ascorbic acid in one of a pair 
of sample aliquots is selectively destroyed 15 by ascorbate oxidase 
[EC 1.10.3.3 (Sigma)j. Reagents are otherwise the same as in the FRAP 
assay. Reduction of the FRAP (FRASC) working reagent by ascorbic acid 
is complete within a few seconds of sample-reagent mixing. The 0- to 1 *111111 
post sample-reagent mixing absorbance change (at 593 nnr) of a sample 
to which ascorbate oxidase (40 *il of a 4 U/ml solution added to a 100-^1 
sample) was added is subtracted from the absorbance change of a matching 
aliquot of sample to which water (40 /A added to a 100-/J.1 sample), rather 
than ascorbate oxidase, was added; the difference is due specifically to 
ascorbic acid. 10 - 15 In FRASC, the 0- to 4-min absorbance change of the 
aliquot diluted in water is due to the combined reductive activity of all the 
reacting antioxidants present in the sample, i.e., the “total antioxidant 
capacity,' 1 or ferric reducrag/nntioxidant power (FRaP) value. 1 The 0- Lo 
4-min and paired 0- to 1-min absorbance changes are translated into nM 
of FRAP and ascorbic acid, respectively, by comparison with those of 
standard solutions of Fe(II) or ascorbic acid of the appropriate molar 
concentration. It must be remembered that if Fe(IT) standards arc used for 
the calculation of ascorbic acid concentration, ascorbic acid has a stoichio¬ 
metric factoT of 2.0 in the FRAP assay; i.e. 1000 Fe(II) is equivalent 
to 1000 fj,M of FRAP but to only 500 pM of ascorbic acid. Similarly, if 
ascorbic acid standards arc used for the calculation of FRAP values, these 

15 1. F. F. Benzie, Clin. Biochem. 29, 111 [19(56). 
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Antioxidant power 
(FRaP value) (fi mol) 

500—900 
1000-1400 
1600-2200 
2900-3700 
380-520 
500-600 
11,304 

ompuieil wiLh orange juice 
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values are double the ascorbic acid concentration; i.e., 1000 fj.M ascorbic 
acid is equivalent to 2000 fiM FRAP. 

By monitoring the 0- to 4-miu absorbance change of paired aliquots of 
water- and ascorbate oxidase-treated samples run in parallel on a Cob as 
Fara centrifugal analyzer and using the automated FRAP assay program 
detailed in Table I, all necessary data am gathered to obtain FRAP values 
and ascorbic acid concentrations of up to 13 pairs of test samples in one 
run. The concept of FRaSC is represented in Fig. 5. 


Calculation of Results 

Using water-diluted samples, 


FRaP (r-M) value = 


0- to 4-min AAjm nm test sample 
0- to 4-min AA iM standard 


X [FRAP],* (fiM) 


m 


lislng paired water (—ao)- and ascorbate oxidase-diluted ( + ao) samples, 
the ascorbic acid concentration is calculated as follows: 




TIME after REAGENT/SAMPLE MIXlNQ (SECONDS) 

Ftc. 5. ^ensuring concept of FRASC showing the absorbance change due to Fc(flT)- 
TKTZ reduction by antioxidants in the sample. Calculation o[ the FRAP value is done by 
taking the 0- to 4-min 4 a for text sample (•. 1) and relating it to the (1- to 4-min 4A For 
the Ke(ir) standard (A. 2). with a reagent blank correction (ts, 3) for both. Calculation of 
ascorbic acid results is by subtracting the D- Lo 1-min Aa reading of the ascorbate oxidasc- 
treated test sample (O) from the matching water-treated sample (•, 4); this signal is then 
related to that given by a standard solution of Pe(II) (A) (or ascorbic acid, ■, 5) of appropriate 
concentration. Reproduced with permission froln I. F. F. BelJzic and J. J. Strain, Redox Rep. 
3, 233 (1997). 



Source: https://www.industrydocuments.ucsf.edu/docs/lpbj0001 
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FRAP VALUE, no FBEDllUTION pM 

Fiu. 6. Relationship between measured FRAP values oil EDTA plasma, wixli no predilution 
step and utter prediction of 100 pi plasma with 40 pi water. Excellent agreement was seen 
(r — 0.9911 y - 1.03r — 23), showing no net loss or gain of reductive activity with (Million, 
Reproduced with permission from I. F. F. Benzie and J. J. Strain, Rtdoi Rep. 3, 233 (1997). 


0- to 1-min ascorbic acid related iA SB „„ = (0- to t-min AA mllin sample —ao) 

- (0- to i-iriia A4 59 3, irr sample hao) (3) 
Ascorbic acid concentration (/lM) = 

0- to 1-min ascorbic acid related AAjm of test sample x t aScorh ; c ^ 
0- to 1-min ascorbic acid related AA$ 93 ^ of standard 1 

(4) 

Data presented in Fig. 6 show FRAP values of2S EDTA plasma samples 
measured with and without predllutjon in water (100 /rl sample plus 40 /rl 
of water). All samples were measured twice, in separate runs. FRAP values 
(/uM) were obtained with reference to a Fe(II) standard solution run in 
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FRaP Valors nWD Asz.cmmc Acid CoNcttmtA-riorls (Mfaij: MehiaN; SD), Using 
FKaSC. or Fresh F»stinc EDTA Plasma trom HealtkY Supjf.cts" 


Farameier 

All (n = 130 ) 

Men (n — 66) 

Wouicn (n = 64) 

Age (years) 

FRAP (pM) 

Ascorbic add (/zM) 

43; 43; 16.4 

1018; 1004; 198 

51; 48; 17.9 

42; 42| 

1086; 1077; 189 

49; 48; 13.8 

43; 44; l6.fi 

948; 927; 183 
52; 50; 21J 


1 Reproduced with permission froral. F. F- Benzie and J. J, Strain, Rednx Rep. 3,233 (1997). 
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43; <U; 1 fi.6 
948; 927: 183 
52; 50; 21.3 

Redox Hep. 3,233 (1997). 
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parallel and treated identically to the samples in each case, i.c., prediluted 
or nonprediluted in water as appropriate. Results obtained by the original 
FRAP assay (ao predilution) and by FRASC show very good agreement 
(r = 0.998; p < 0,0001); mean (SD) FRAP values of the neat andpTediluted 
samples were 998 (217) and 1010 (225) pM. 

Precision of FRASC is good; within- and between-run CVs are, respec¬ 
tively, <1 and <3% at 900 and J.800 pM for FRAP values; for ascorbic 
acid, within- and between-run CVs are <5% at 25, 50, 100, and 440 pM. 

Ferric reducing /antioxidant power values and ascorbic acid concentra¬ 
tions were measured, 115 using FRASC, in fresh BDTA plasma samples from 
130 apparently healthy, fasting adults (66 men, 64 women) aged 21—74 
years from whom informed consent had beep obtained. Results are shown 
in Table IV. 

Conclusions and Clinical Applications 

The FRAF assay, in both its original 1 and modified, as FRASC," 1 ver¬ 
sions, is robust, sensitive, simple, and speedy and will facilitate experimental 
and clinical studies investigating the relationship among antioxidant status, 
dietary habits, and risk of disease. 16-ls Measurement of the total antioxidant 
power of fresh biological fluids, such as blood plasma, can be measured 
directly, tho antioxidant content of various dietary agents can be measured 
objectively and reproducibly, and their potential for improving the antioxi¬ 
dant status of the body investigated and compared. The FRAP assay is 
also sensitive and analytically precise enough to be used in assessing the 
bioavailability of antioxidants in dietary agents, to help monitor longitudinal 
changes in antioxidant status associated with an increased intake of dietary 
antioxidants, and to investigate the effects of disease on antioxidant status. 
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